Estimates of the prevalence of overweight and obesity in young people are typically based on body mass index (BMI). However, BMI may not indicate the level of central adiposity. Waist circumference has therefore been recommended to identify young people at risk of morbidity associated with central adiposity. OBJECTIVE: To investigate (a) change in total and central adiposity between 7-8 and 12-13 y (b) agreement between classifying young people as overweight or obese based on total adiposity and central adiposity, and (c) risk factors associated with the development of total and central adiposity. DESIGN: Anthropometric measurements were taken on 342 children in 1996/97 and 5 y later. Risk factors examined included birth weight, physical activity, TV viewing, pubertal status, parental adiposity, diet and socio-economic status. RESULTS: Between 7-8 and 12-13 y indices of central adiposity increased more than total adiposity; waist circumference z-score increased by (mean7s.d.) 0.7470.92 and BMI z-score increased by 0.1870.67. At 12-13 y there was moderate agreement between the two measures of adiposity (weighted kappa ¼ 0.64). However, waist circumference identified a greater number of young people as overweight or obese compared to BMI (41.2 vs 29.3%, Po0.001). Adiposity status at 7-8 y, maternal obesity, and pubertal stage were the strongest predictors of BMI status at 12-13 y. Risk factors associated with increased central adiposity were similar. CONCLUSIONS: Overweight and obesity, as measured by waist circumference, is a bigger problem than is currently assessed by BMI. Targeting known risk factors for total adiposity may be an appropriate strategy for preventing increased central adiposity.
Introduction
Estimates of the prevalence of overweight and obesity in young people are typically based on body mass index (BMI). However, BMI may not indicate the level of central adiposity, which is associated with metabolic complications including poor lipid profile, increased blood pressure and insulin resistance. [1] [2] [3] [4] Waist circumference is a simple, effective measure of central adiposity in children and adolescents. 5, 6 It has therefore been recommended that waist circumference should be used to identify young people at risk of morbidity associated with central adiposity. 7, 8 Two British studies in young people have examined change in waist circumference over time. Both studies, one longitudinal 9 and the other a compilation of results from cross-sectional surveys, 7 indicate that there has been a substantial increase in waist circumference z-scores during the past 10-20 y. A similar trend in central adiposity, as measured by skinfolds between 1980 and 1995, has also been observed in Spanish youth. 10 This move to a central pattern of adipose tissue distribution may seriously influence the future health of populations. Current recommendations to reduce overweight and obesity in young people are aimed at decreasing BMI. 11 However, it is not known what agreement there is between classifying young people as overweight or obese by BMI (total adiposity) compared to waist circumference (central adiposity). Targeting young people with a high BMI may not necessarily be as effective as focusing on those who have increased central adiposity and are at a presumed higher risk of health-related problems. In addition, while the risk factors for increased BMI have been well-described 12 and include parental adiposity, physical and sedentary activity and socioeconomic status (SES), the relation between these factors and waist circumference in young people is largely unknown.
In this study, we examine (a) the change in total adiposity (measured by BMI) and central adiposity (measured by waist circumference) between the ages of 7-8 and 12-13 y; (b) the agreement between classifying young people as overweight or obese based on total adiposity compared to central adiposity and (c) the modifiable risk factors for the development of total and central adiposity.
Subjects and methods
In 1996/1997, 436 healthy 7-8-y-old children (215 girls) and their parents were recruited for the study. The children were participants in the longitudinal 'Nepean Study' that was designed to investigate the effects of birth size, body size and genes on blood pressure and bone mass. All were born at term at Nepean Hospital, in western Sydney, between August 1989 and April 1990 and were part of a birth cohort whose details and selection criteria have been previously published. 13 Between July 2002 and February 2003, the children and their parents were recontacted and 342 families (78.4%) participated in the follow-up. The median time between baseline and follow-up was 5.4 (4.0-6.6) y. At baseline there was no significant difference in the mean height (P ¼ 0.348), weight (P ¼ 0.829), BMI (P ¼ 0.140), triceps skinfold (P ¼ 0.649) or waist circumference z-scores (P ¼ 0.215) between the young people followed up and those who were not. Neither was there any significant difference in the number who were classified as overweight or obese defined by BMI (P ¼ 0.317). However, a greater percentage of young people who were classified as overweight or obese by waist circumference declined to participate in the follow-up: 28.7% of nonparticipants compared to 17.3% of participants, P ¼ 0.02.
Written informed consent was obtained from their parents and both The Children's Hospital at Westmead Ethics Committee and the Ethics Committee of the Wentworth Area Health Service approved the study.
Anthropometry
Young people. Birth weight was obtained from hospital medical records. Height, weight, waist circumference and triceps skinfold were measured at baseline and at follow-up using standard techniques.
14 Waist circumference was measured with a flexible steel tape at the level of the narrowest point between the lower costal border and the iliac crest. If there was no obvious narrowing, the measurement was taken at the midpoint between the two landmarks. 14 The International Obesity TaskForce (IOTF) BMI criteria were used to define overweight and obesity (total adiposity). 18 In the absence of a recognized definition of increased central adiposity in young people, the terms 'overweight' and 'obesity' (central adiposity) were arbitrarily defined as 491st-97th centile and Z98th centile for waist circumference, respectively. These cut points were chosen because they have been previously used in studies in young people, 7 and are similar to the cut points used to determine overweight and obesity based on BMI.
Parents. Height and weight was measured in 326 mothers at baseline. Self-reported anthropometry was collected from an additional nine mothers. Self-reported height and weight were collected at baseline from 190 fathers and was measured in 39. Overweight and obesity in both parents was defined according to the World Health Organisation criteria.
19
Physical activity and TV viewing at 7-8 y Information on the child's physical activity and television viewing was collected using a questionnaire completed by 269 parents. Parents were asked to rate their child's physical activity level as light, light-moderate, moderate, heavy, very heavy. For analysis, groups were collapsed to two: children rated by their parents as having either light and lightmoderate physical activity level were compared to children who were described as having a moderate, heavy or very heavy physical activity level. Parents were also asked the number of days per week their child was involved in vigorous physical activity. For analysis, two groups were considered: none and one or more times per week. The number of hours that the child watched TV each day on weekdays and at the weekend was recorded. Hours of viewing were collapsed to two categories for analysis: for weekdays the groups were o2 and Z2 h per day and on the weekend groups were o4 and Z4 h per day.
Socio-economic status at 7-8 y SES was measured using two different indicators: mothers' education and family income. Education was categorized as incomplete secondary school, complete secondary school or tertiary educated. Categories for the gross annual family income were based on those used in the 1991 Australian census: o$30 000, $30 000-$49 999 or Z$50 000.
20
Nutrient intake at 7-8 y Macronutrient intake and energy intake were calculated from a 3 day food record (2 week days/1 weekend day) for 280 young people. The child's food and drink consumption was recorded on a standardized form, in terms of household measurements. Cooking methods, brand names and recipes were also recorded. The dietary data were analyzed by a
Increasing central adiposity SP Garnett et al dietitian (SPG), using Diet/1, version 3.10 (Xyris software, Queensland, Australia).
21
Pubertal status at 12-13 y Pubertal status was determined by self-assessed Tanner staging of breast development (girls) and pubic hair and genitalia (boys). 22 Girls also reported if and when they commenced menses. For analysis, young people were categorized as either prepubertal or in early puberty (Tanner stage 1 and 2) or pubertal (Tanner stage 3, 4 and 5).
Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences, version 11.5 (SPSS, Chicago, USA). Differences between anthropometric characteristics assessed at 7-8 and 12-13 y were assessed by paired t-test. Relationships between continuous variables were assessed by Pearson's correlation coefficient. w 2 test was used as a measure of association between categorical variables. The continuity correction statistic was used unless otherwise stated. McNemar's test was used when data were paired (prevalence of overweight and obesity at the two different time periods), Fisher's exact test was used when one or more expected cell counts was less than five and weighted kappa statistic was used to measure agreement between the two measures of adiposity.
To quantify the risk associated with individual explanatory variables, odds ratio was calculated. Logistic regression models are presented explaining the variance in being identified as overweight or obese, by both BMI and waist circumference. Variables entered were selected based on significance, indicators for collinearity were examined and only variables with a significance level of Po0.05 were included in the final models. Adiposity status at 7-8 y was not included in the models as it is strongly associated with adiposity status at 12-13 y, which may be considered as an alternative outcome measure and potentially masks the effects of other variables.
Results
Change in indicators of growth and adiposity Between 7-8 y (median 7.54 (range 7.03-8.97)) and 12-13 (12.95 (12.37-13.65)) years there was a significant (Pr0.001) increase in the mean (7s.d.) z-scores for weight (0.1270.63), BMI (0.1870.67), triceps skinfold (0.1370.72) and waist circumference (0.7470.92), but no change in the mean z-score for height (0.0370.52, P ¼ 0.33). The same trend was seen when boys and girls were examined separately: the mean waist circumference z-score increased more than the mean BMI z-score (Po0.001) (Figure 1a and b) .
Prevalence of overweight and obesity At 7-8 y, the BMI cut points identified a greater number of girls as overweight or obese compared to the waist circumference cut points: 23.3%. compared to 16.3%. However, in boys the waist circumference cut points identified a greater number as overweight or obese (18.2%) compared to BMI (15.9%) (Figure 2) . At 12-13 y, in both boys and girls, waist circumference identified a greater number of young people as overweight or obese compared to BMI (41.2 vs 29.3%, Po0.001) and the proportion of girls (47.1%) identified as having increased central adiposity was significantly higher than boys (35.3%, P ¼ 0.035). There was no sex difference in the proportion of young people classified as overweight and obese by BMI (Figure 2 ). In all, 79.1% of young people who were overweight or obese (total adiposity) at 7-8 y continued to be overweight or obese at 12-13 y and 88.1% of young people who had increased central adiposity at 7-8 y continued to have increased central adiposity at 12-13 y.
Agreement between classifying adiposity based on BMI and waist circumference BMI z-scores were strongly correlated with waist circumferences z-scores at both ages (7-8 y r ¼ 0.84, Po0.001; 12-13 y Factors associated with increased total adiposity (BMI) and central adiposity (waist circumference) at 12-13 y Risk factors of interest and proportion of young people exposed to each risk factor are shown in Table 2 . Unadjusted associations between risk factors and identification of overweight and obesity as defined by both BMI and waist circumference are shown in Figure 3 .
Factors associated with increased total adiposity (BMI).
Being overweight or obese (BMI) at 7-8 y was the strongest factor associated with overweight and obesity at 12-13 y (Po0.001). Other significant predictors were having an overweight or obese mother (Po0.001), not being involved in vigorous physical activity (P ¼ 0.008), watching more hours of TV on week days (Z2 h; P ¼ 0.023) and weekend days (P ¼ 0.023) at age 7-8 y and, in girls, a more advanced pubertal status (attained menarche, P ¼ 0.002; breast development, P ¼ 0.002). However, birth weight, boys' pubertal status, paternal adiposity, SES and macronutrient intake were not significant risk factors. Reported estimated energy intake was statistically lower (Po0.001) in the young people who were overweight and obese (272768 kJ/kg body weight) compared to those who had an acceptable BMI (310767 kJ/ kg body weight). There was no difference between groups in the macronutrient intake (50% CHO, 14% protein, 35% fat). Overweight and obesity were defined using the International Obesity TaskForce criteria. 18 
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Young people who had an overweight or obese father (odds ratio (range): 2.3 (1.1, 5.1), P ¼ 0.050), and were described as involved in only light or light-moderate physical activity (2.5 (1.1, 5.6), P ¼ 0.048) were more likely to be overweight and obese at both time periods.
In multivariate analysis, 25.4% of the variation in being identified as overweight or obese at 12-13 y was explained by increased maternal adiposity at baseline (adjusted OR: 5.4 (2.6,11.0), Po0.001), a more advanced pubertal status (girls: breast development, boys: pubic hair development (adjusted OR: 2.6 (1.4, 5.2), P ¼ 0.005)) and not being involved in vigorous physical activity (adjusted OR: 8.3 (2.0, 34.7), P ¼ 0.004).
Factors associated with increased central adiposity (waist circumference). Many young people had both increased total adiposity and central adiposity (Table 1 ) and the risk factors associated with increased central adiposity at 12-13 y were similar to those for having increased total adiposity. In addition to risk factors associated with increased total adiposity, in boys, a more advanced pubertal status (P ¼ 0.051) was a risk factor for increased central adiposity. Again, similar to young people who had increased total adiposity at both time periods, having an overweight or obese father (3.3 (1.3, 7.9), P ¼ 0.013) at 7-8 y was associated with increased central adiposity in young people at both time periods.
The best predictive equation for increased waist circumference at 12-13 y included increased maternal adiposity at baseline (adjusted OR: 3.1 (1.9, 5.1), Po0.001), and a more advanced pubertal status (girls: breast development, boys: pubic hair development; (adjusted OR: 1.9 (1.1, 3.1), P ¼ 0.015)), and explained 12.9% of the variation.
Discussion
Change in indicators of growth and adiposity Between 7-8 and 12-13 y the indices of total and central adiposity significantly increased. The steeper rise in waist circumference, compared to BMI, particularly in girls, is of specific concern. Waist circumference is highly correlated Increasing central adiposity SP Garnett et al with total central adiposity 5, 6 and is related to metabolic complications of obesity including poor lipid profile, increased blood pressure and insulin resistance in young people, a metabolic profile that persists over time and tends to progress clinically. [1] [2] [3] 23 The changes in fat patterning that we report support the results from British cross-sectional surveys in young people aged 2-5 24 and 11-16 y. 7 Our results differ from the British longitudinal study of similarly aged young people, 1996-2001, which reported a similar increment in waist circumference and BMI z-scores of approximately 0.25 and no sex differences. 9 However, in this latter study only 315 (52%) of the original cohort was followed up compared to 78.4% in our study. It is possible that there was study bias with young people who had the greatest increase in adiposity declining to participate in the study. It is unclear why the increase in waist circumference was larger in girls compared to boys and may be indicative of early, sexually diverse changes in body composition that occur during puberty. However, there was no evidence of early puberty in the girls in our study: with no change in height z-score over the 5 y and no indication of an early menses. The median (range) age of girls in this study was 12.94 (12.45-13.53) y and 52% had commenced menses which is consistent with data on British 25 and US 26 girls born in the 1980s. Nevertheless, more girls who had commenced menses had increased adiposity, particularly central adiposity, compared to those who had not. Overweight and obese girls would be more likely to have earlier menarche compared to their leaner peers. 27 Methodological differences are also unlikely to account for the change observed in waist circumference z-scores. At both time periods the site of waist measurement was defined identically 14 and similar methodology was used to calculate z-scores. 16 While the slight difference in waist measurement site in the reference data may influence z-scores it should not affect the magnitude of change. In the absence of Australian waist circumference reference data, British data were selected as the most appropriate. Other published reference data for this age group are based on Spanish, 28 Italian, 29 and
American populations. 30 The American reference data was not used because the data are based on the Third National Health and Nutrition Examination Survey and there is concern that the values represent the current trend in overweight and obesity.
31
Prevalence of overweight and obesity At 12-13 y waist circumference identified a greater number of young people as overweight or obese compared to BMI 32, 33 However, the number of people categorized as overweight or obese is dependent upon both the reference data and the cut points used. The waist circumference cut points used in this study (491st centile to 97th centile and Z98th centile) were chosen because they have been previously used in studies in young people, 7 they are similar to the cut points used to determine overweight and obesity as defined by BMI and are more conservative than thresholds of 70th-75th centile other studies suggest. 2, 4 To date, there is only one paper, from Canada, that has published age-and sex-specific waist circumference cut points for children and adolescents, aged 5-18 y, on the basis of elevated cardiovascular risk factor profile. 34 At 7-8 y the British cut points used in the current study are more conservative than the Canadian cut points. For example, the Canadian waist circumference cut point for boys aged 7 y is 56.0 cm, which is equivalent to the 75th centile of the British reference data. However, at 12-13 y the cut points are similar: the Canadian waist circumference threshold for boys aged 12 y is 71.3 cm which is equivalent to the 92nd centile of the British reference data. A similar trend is seen in girls. It is possible that we may have underestimated the prevalence of central overweight and obesity in 7-8 y olds. However, the long-term health outcomes for young people with high circumference are currently unknown.
Agreement between classifying adiposity based on BMI and waist circumference To our knowledge this is the first study to examine the agreement between classifying young people as overweight and obese by BMI and waist circumference. The level of agreement was higher in boys compared to girls and lower at 12-13 y compared to 7-8 y. This may relate to the different sensitivity and specificity of BMI cut points which are known to differ between age and sex. 35, 36 At 12-13 y young people who had an acceptable BMI but increased waist circumference had a significantly higher mean BMI compared to those who had an acceptable BMI and waist circumference. Waist circumference may be a useful tool to identify a highrisk group, which could be targeted for prevention.
Factors associated with increased total adiposity (BMI) and central adiposity (waist circumference) at 12-13 y Consistent with previous studies, 33,37-39 the strongest and most significant predictors of overweight or obesity (BMI) at follow-up were the young persons' baseline adiposity, maternal adiposity and lack of vigorous physical activity.
Other well-described risk factors, including TV viewing at 7-8 y and pubertal status, were also predictive of overweight or obesity at 12-13 y in bivariate analysis. The factors associated with increased BMI were generally predictive of increased waist circumference. The similarity between predictors of total and central adiposity was not unexpected as many of the young people were identified as overweight or obese by both BMI and waist circumference. The effect of maternal adiposity on adiposity of offspring is due not only to shared genetic factors but also to several family environmental factors including physical activity, nutrition habits and TV viewing. 12 The relation between these factors and maternal BMI may explain, in part, why TV viewing at 7-8 y and energy intake were not significant predictors in multivariate analysis. Disentangling relationships between factors affecting obesity is difficult; a given risk factor may modify the effect of another and cumulative effects on the development of obesity are likely. 40 Both high and low birth weight has been associated with increased total and central adiposity. 40 We have previously reported an inverse association between birth weight and central fat, as measured by dual energy X-ray absorptiometry, in these young people at 7-8 y. 13 It is unclear from this study whether the association between these two measures has changed over time or the less accurate measure of central adiposity (waist circumference) did not detect the association. SES and macronutrient intake were not significantly associated with either measure of adiposity in multivariate analysis. Results from the literature are also conflicting, 38, 41 and potentially highlight inherent problems in measuring these factors.
Conclusions
Between 7-8 and 12-13 y the indices of total and central adiposity significantly increased. The steeper rise in waist circumference is of specific concern as central fat is related to metabolic complications of obesity. Targeting known risk factors associated with total adiposity may also be appropriate for tackling the problem of central adiposity.
